H emispHerectomy for the treatment of refractory epilepsy was first performed in the first half of the 20th century. 20 Anatomical hemispherectomy, the resection of an entire hemisphere frequently done in the 1950s and 1960s that was associated with high complication rates from hydrocephalus and superficial cerebral hemosiderosis, has been replaced with less invasive procedures that accomplish a functional equivalent by disconnection of the epileptogenic cortex of one hemisphere from the contralateral hemisphere and deeper brain structures or removal of the epileptogenic cortex. These procedures are associated with comparable seizure control rates but a lower incidence of the aforementioned complications. This transition began with the development of functional hemispherectomy 28 and hemidecortication 16 in the 1970s and 1980s and evolved in the 1990s with the introduction of several different approaches, collectively referred to as hemispherotomy. These procedures were developed almost simultaneously, rely mostly on disconnection, and require only minimal brain resection. 10, 30, 33, 44 Conditions amenable to these procedures are characterized by diffuse damage to one hemisphere resulting in medically resistant epilepsy and are frequently grouped into acquired (e.g., perinatal cerebral infarction or intracranial hemorrhage, hemiconvulsion-hemiplegia-epilepsy syndrome, and other sequelae of brain trauma and infection), developmen tal (e.g., cortical dysplasia, hemimegalencephaly, and mi gration disorders), and progressive (e.g., Rasmussen's encephalitis and Sturge-Weber syndrome) etiologies. 11, 27, 41 The aim of this study was to systematically review the literature on hemispherectomy with emphasis on seizure outcome stratified by type of hemispherectomy and underlying etiology.
Methods
A PubMed search was performed, of the literature until October 2013, with the search terms "hemispherectomy" and "outcome" limited to papers written in the English language with a focus on the pediatric age group. Additionally, papers retrieved from the references listed in the papers found in the PubMed search were also evaluated. Two reviewers independently applied the following inclusion criteria: reports of a total of 10 or more patients in the pediatric age group (≤ 20 years) undergoing hemispherectomy, seizure outcome reported after a minimum followup of 1 year after the initial procedure, and description of the type of hemispherectomy. To account only once for each patient, only the most recent paper from institutions that published multiple papers with overlapping study periods was included. Studies reporting outcome after repeat hemispherectomy with failure of the initial procedure were excluded. Studies were categorized by the type of hemispherectomy (Fig. 1) into anatomical hemispherectomy, functional hemispherectomy (Fig. 1B) , 6, 28 hemispherotomy including trans-and perisylvian (Fig.  1C ) 30, 31, 33, 44 and vertical parasagittal techniques (Fig. 1D ), 9 and hemidecortication. 16 Indications for hemispherectomy were grouped into acquired, developmental, and progressive etiologies. Two reviewers independently extracted all the data and resolved any disagreements through discussions. Descriptive and statistical analyses were performed using commercially available software (version 21, SPSS, IBM). A comparison of groups of 3 or more studies was conducted using ANOVA and Fisher's least significant difference post hoc analysis, where appropriate. This systematic review was prepared according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement.
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results
Descriptive analysis
The literature search yielded 186 references, of which 85 (45.7%) were excluded based on the abstract. One hundred one potentially eligible studies underwent a full-text review, and 29 studies (15.6%) met the inclusion criteria and constituted the data set. The search strategy is outlined in detail in Fig. 2 Fig. 3 ).
Information on underlying etiology was available from 17 studies with a total of 667 patients. Of these patients, 211 (31.6%) had acquired, 269 (40.3%) developmental, and 187 (28%) progressive etiologies. The mean seizure-free rates for acquired, progressive, and developmental etiologies were 82.4%, 82.8%, and 61.4%, respectively. Both acquired and progressive etiologies were associated with significantly higher seizure-free rates than developmental etiologies (p < 0.001). There was, however, no difference in seizure-free rates between acquired and progressive etiologies (p = 0.945) ( Table 3 ; Fig. 4) .
A comparison of seizure outcome for different etiologies dependent on the type of hemispherectomy was feasible for hemispherotomy and functional hemispherectomy only. For anatomical hemispherectomy and hemidecortication there were fewer than 3 studies each, thereby precluding them from inclusion in the analysis. There was no difference in seizure-free rates for the 3 etiologies between hemispherectomy and functional hemispherectomy. While developmental etiologies had the lowest rates of seizure freedom, seizure-free rates among patients undergoing functional hemispherectomy were significantly higher in those who suffered from an acquired or progressive etiology in contrast to those suffering from a developmental eti- 
Hydrocephalus, Complications, and Mortality
Twenty of the 29 studies (69%) reported complications. Data from 20 studies (69%) that reported postoperative CSF diversion rates revealed a cumulative overall shunt rate of 14% following hemispherectomy. Fifteen studies (52%) provided detailed enough information to compare shunt rates for hemispherotomy, functional hemispherectomy, and anatomical hemispherectomy. For hemidecortication there were fewer than 3 studies, thus precluding them from inclusion in the analysis. Anatomical hemispherectomy was associated with a significantly higher shunt rate than functional hemispherectomy (p < 0.05) and hemispherotomy (p < 0.01). One of the 4 studies in the anatomical hemispherectomy group had a shunt rate of 78%, 6 which was considerably higher than the shunt rate in the other 3 studies. The study, however, was included because it contributed 37 patients and was the single largest contributor to this group (54.4%) ( Table 5 ; Fig. 6 ).
The rate of wound complications requiring surgical revision was 2%. The rate for other surgical complications, such as epidural, subdural, or intraparenchymal hemorrhages, and intracranial abscesses, was 3.5%. The rate of nonsurgical, medical complications was 10.6% and included, but was not limited to, meningitis, ventriculitis, venous thrombosis, and others. Neurological deficits affecting motor and sensory function or visual fields are expected following hemispherectomy and were not considered complications. The need for additional epilepsy surgery was reported in 18 studies with a cumulative rate of 4.5%. Complications other than hydrocephalus were all reported inconsistently, thereby not allowing for further statistical analysis.
The overall mortality was 2.2% (25 patients), with 15 patients (1.3%) dying within 30 days after surgery. Fifteen studies (52%) provided detailed enough information to compare mortality rates for hemispherotomy, functional hemispherectomy, and anatomical hemispherectomy. For hemidecortication there were fewer than 3 studies, thus precluding them from inclusion in the analysis. There were no significant differences between mortality rates from the 3 types of hemispherectomy (p = 0.787) ( Table  6 ; Fig. 7 ).
Discussion
Hemispherectomy refers to a group of surgical interventions for treatment-refractory epilepsy that is due to a diffusely damaged hemisphere. The evidence supporting this procedure is largely based on a multitude of retrospective studies illustrating individual institutions' experience with a few notable exceptions. One such important study is a retrospective multicenter study led by Holthausen et al. that gathered information concerning hemispherectomy from 333 patients at 11 participating centers. 15 However, more than a decade has passed since Holthausen and colleagues' report was published, significant advances have been made, and many centers have subsequently reported their experience. Therefore, the aim of this study was to systematically review the literature available on hemispherectomy with emphasis on seizure outcome stratified by type of hemispherectomy and underlying etiologies.
Seizure Outcome, type of Procedure, and underlying etiology Twenty-nine studies comprising 1161 patients were identified and met inclusion criteria. The overall rate of seizure freedom was 73.4%, which is slightly higher than the rate of seizure freedom found by Holthausen et al. 15 and comparable to other large, more recent series. 6, 9, 19, 25, 27, 32, 43 Long-term sustainability of seizure freedom is absolutely critical to justify surgery for epilepsy, which is (7) 10 (71) 2 (14) Sugimoto et al., 1999 1991-1996 Hospital for Sick Children Epilepsia (14) 33 (30) 51 (46) (continued) (27) 16 (33) 8 ( (44) 20 (21) 19 ( (42) 63 (34) 28 ( an irreversible intervention. Long-term seizure-free rates (≥ 5 years) following surgery for temporal lobe epilepsy are comparable to those reported in shorter-term studies.
The rates of seizure freedom after surgery for extratemporal epilepsy, however, decline over time. 14, 37, 46 Existing evidence shows that the benefit of hemispherectomy is maintained over time and seizure-free rates drop only slightly in the long term. 26, 37 For the purpose of this review, only studies with at least 1 year of follow-up were considered in an attempt to compensate for the initial decrease in seizure-free rates after hemispherectomy.
17
Insufficient data on long-term outcome were available to perform any meaningful statistical analysis. Also, to account only once for each patient, only the most recent paper from institutions that published multiple papers with overlapping study periods was considered. This predominantly affected institutions that published a sequential series of papers on outcomes.
There was no significant difference in the rate of seizure freedom between different types of hemispherectomy in this study, which is plausible as they all follow the same underlying principle. Holthausen et al., however, found that hemispherotomy is superior to anatomical and functional hemispherectomies as well as hemidecortication.
15 However, other studies did not make such an observation. 6, 32 The underlying etiology warranting hemispherectomy is by contrast an important determinant for seizure outcome. To assess this effect, indications for hemispherectomy were grouped similarly to those in prior studies into acquired, developmental, and progressive etiologies.
11,27,41
Patients suffering from acquired and progressive condi- tions generally do better than patients with developmental disorders, 11, 18, 19, 21 and this observation is supported by the findings of the present study. Due to the small number of available studies for anatomical hemispherectomy and hemidecortication, seizure outcome for different etiologies dependent on the type of hemispherectomy was only feasible for hemispherotomy and functional hemispherectomy. The highest rate of seizure freedom was achieved with hemispherotomy and functional hemispherectomy for acquired lesions (83.3% and 82.8% seizure free, respectively). Functional hemispherectomy of developmental conditions was least successful (53.9% seizure free). The lower success rate for developmental etiologies was statistically significant for functional hemispherectomy but not for hemispherotomy. A higher hemispherectomy failure rate for developmental etiologies has been associated with epileptogenesis in the contralateral hemisphere and higher rates of incomplete disconnection, particularly in hemimegalencephaly. 15 In the present study, the influence of epileptiform discharges over the normal hemisphere could not be assessed as these data were inconsistently reported.
Hydrocephalus, Complications, and Mortality
The most common complication reported was hydrocephalus requiring CSF diversion with an overall rate across all studies of 14%. Anatomical hemispherectomy resulted in the highest rate of shunted hydrocephalus with rates for functional hemispherectomy and hemispherotomy comparable and significantly lower. Shunt rates of 8%-23% have been previously reported and seem to be directly proportional to the amount of brain tissue removed. 29 Approximately 5% of patients underwent additional epilepsy surgery, most commonly for completion of incomplete disconnection. Incomplete disconnection has been reported as a cause of persistent seizures in up to 30% of patients who do not become seizure free after the initial intervention. 29 The overall number of patients requiring additional epilepsy surgery found in the present study appears somewhat low. This may, however, be explained by the greater experience high-volume centers that published their outcomes have with these procedures. Mortality was generally low at 2% and was similar for all types of hemispherectomy.
limitations
The categorization of studies based on the type of hemispherectomy applied here presents a challenge as there are surgical modifications and nuances that may go beyond these basic categories that are not accounted for. Multiple variations of functional hemispherectomy have been reported. 6, 28 Hemispherotomy is a collective term encompassing trans-and perisylvian 30, 31, 33, 44 as well as vertical parasagittal techniques. 9 However, to accumulate numbers large enough to perform any meaningful statistical analysis, a common denominator has to be agreed upon. 
